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CHAPTERI1

INTRODUCTION

A. BACKGROUND

Palatal expansion used to correct maxillomandibular transverse discrepancies
occurs through a combination of skeletal (orthopedic) expansion, which involves
separating the maxilla at the midpalatal suture, and dental (orthodontic) expansion, which
results from buccal tipping of the maxillary posterior teeth. The proportion of skeletai
and dental movement is dependent on the rate of expansion (rapid or slow) and the age of
the patient during treatment.'® The goal of palatal expansion is to maximize the skeletal
movement and to minimize the dental movement,>® while allowing for physiological
adjustment of the suture during separation.”®

Expansion appliances can be classified as rapid or slow expanders. Rapid
maxillary expansion produces large forces at the sutural site over a short period of time.®
These high magnitude forces maximize skeletal separation of midpalatal suture by
overwhelming th¢ suture before any dental movement or physiological sutural adjustmentv

2919 Hence, advocates of rapid maxillary expansion such as Haas™® believe

can occur.

that it results in minimum dental movement (tipping) and maximum skeletal movement.
The disadvantage of using rapid palatal expanders include discomfort due to

traumatic separation of the midpalatal suture,'’ inability to correct rotated molars, require

patient or parent cooperation in activation of the appliance, and labor-intensive laboratory

procedures in fabrication of the appliance.




Advocates of slow expansion appliances, such as the quad-helix and W-arch, have

questioned the need of such large rapid forces for sutural separation.%'

that slow expansion allows for more physiologic adjustment to sutural separation.”?
This in turn, produces greater stability and less relapse potential while still producing
skeletal separation of the maxilla that is comparable to rapid expansion techniques.?

In an attempt to design an appliance that is capable of producing physiologic
skeletal expansion, Arndt,”® in 1993, developed a tandem-loop nickel titanium,
temperature-activated palatal expander with the ability to produce light, continuous
pressure on the midpalatal suture. This appliance is also capable of correcting molar
rotation and requires little patient cooperation or laboratory work.

The purpose of this study is to evaluate and compare the maxillary dental and
skeletal changes of a nickel titanium palatal expansion appliance13 to a rapid palatai
expansion appliance. Specifically, the amount of midpalatal suture separation, fnaxillary

alveolar tipping, maxillary first molar tipping, maxillary first molar rotation, and palatal

depth changes in response to treatment will be measured.

B. STATEMENT OF THE PROBLEM

The nickel titanium, temperature-activated palatal expander is claimed to produce
a light, continuous force which is capable of expanding the maxilla and correcting molar
rotations. The skeletal and dental effects of the nickel titanium palatal expander on the

maxilla have not been reported in the literature.

It is believed



C. SIGNIFICANCE OF THE STUDY

The results of this study will provide information on the skeletal and dental effects
produced by a nickel titanium, temperature-activated palatal expander. This information
will aid clinicians in selecting the appropriate appliance for maxillary expansion in

children.

D. HYPOTHESIS

1. There is a significant increase in maxillary intermolar width, palatal width,v
maxillary alveolar tipping, palatal depth, maxillary molar tipping and maxillary molar
rotation following treatment in both the nickel titanium palatal expansion group and the
rapid palatal expansion group.

2. There is a significant correlation between age and changes in maxillafy
intermolar width, palatal width, alveolar tipping and molar tipping in both the nickel
titanium palatal expansion group and the rapid palatal expansion group.

3. There is a significant correlation between intermolar width increase and
increases in palatal width, alveolar tipping and molar tipping'in both the nickel titanium
palatal expansion group and the rapid palatal expansion group.

4. There is a significant difference in intermolar width change, palatal width
change, palatal depth change, alveolar tipping, molar rotation and molar tipping between

rapid palatal expansion and nickel titanium palatal expansion.




E. OPERATIONAL DEFINITIONS

1. Palatal or maxillary expansion - A transverse widening of the maxilla that
occurs through a combination of separation of the midpalatal suture of the maxilla and
buccal tipping the posterior teeth.

2. Expansion appliance - The device that is used to apply the force that is
necessary to expand or widen the maxilla.

3. Orthopedic or skeletal palatal expansion - The widening of maxilla due to

skeletal responses such as a separation of the midpalatal suture.

4. Orthodontic or dental palatal expansion - The widenening of the maxilla due to
dental responses such as buccal tipping of the posterior teeth.

5. Rapid palatal expansion - Expansion of maxilla accomplished through heavy
forces that are capable of separating the midpalatal suture at the rate of 0.2 to 0.5 mm per
day.

6. Slow palatal expansion - Expansion of maxilla accomplished through light
forces that are capable of separating the midpalatal suture at the rate. of 0.5 to 1.0 mm per
week.

7. Symmetrograph (pantograph) - An instrument for copying a figure lto any
desired scale. |

8. Anterior nasal spine (ANS) - The most anterior point on the maxilla.

9. Posterior nasal spine (PNS) - The most posterior point on the maxilla.

10. Point A - The deepest point on the curved outline of thé maxilla between

ANS and the incisors.




11. Point B. - The deepest point on the curved outline of the anterior part of the
mandible.

12. Sella (S) - The center of the pituitary fossa.

13. Nasion (N) - The most anterior point along the frontonasal suture.

14. Sella-nasion-point A angle (SNA) - The angle formed by connecting sella to
nasion, and nasion to point A.

15. Sella-nasion-point B angle (SNB) - The angle formed by connecting sella té
nasion, and nasion to point B.

16. Point A-nasion-point B angle (ANB) - The angle formed by connecting point
A to nasion, and nasion to point B.

17. Pogonion - The most prominent point on the bony chin.

18. Angle of convexity - The angle formed by connecting nasion to point A, and
point A to pogonion minus 180 degrees.

19. Facial plane - A line connecting nasion and point B.

20. Mandibular plane - A line parallel to the inferior border of the mandible.

21. Palatal plane - A line connecting ANS with PNS.

22. Prosthion - The intersection of the alveolar process and the maxillary central

incisors.

F. ASSUMPTIONS

It is assumed that all diagnostic materials utilized such as alginate impressions,
study models, and occlusal radiographs are taken and prepared in a consistent fashion

according to professional standards and that the effect of errors, such as impression




distortion, and dental cast trimming and polishing, will be the same for both groups. It is
also assumed that because the nickel titanium expansion appliance is standardized té 3-4
mm greater than the intermolar width, that enough force is produced to allow for
midpalatal suture separation. It is also assumed that all rapid expansion appliances
whether banded or bonded produce comparable amounts of lateral expansion to each
other and that any differences are insignificant. Also, since multiple operators are
involved in the placement of the expansion appliances, it is assumed that the appliances

are inserted and activated in a consistent manner.

G. LIMITATIONS

In accordance with ethical and professional standards on the use of slow
expansion appliances, the patients used in this study will be limited in dental
development to the primary to early permanent dentition. Improper dental hygiene or
care of the expansion appliances could lead to gingival hyperplasia which could have an
effect on the outcome of pre and posttreatment dental cast measurements. Bony
remodeling during slow expansion may mask the ability to distinguish sutural separation
on occlusal radiographs. Also, the accuracy of adaptation of the nickel titanium expander
to the lingual surfaces of the maxillary primary molars and canines could affect the

amount of lateral expansion.

H. DELIMITATIONS
All patients used in this study will require palatal expansion as part of their

orthodontic treatment and range from the primary dentition to the early permanent




dentition with no previous history of orthodontic treatment. Patients with cleft palate
who require palatal expansion will be excluded from the study. Also, the patients will not
have any exsisting medical condition that could affect their normal growth and

development.




CHAPTER II

REVIEW OF THE LITERATURE

A. POSTERIOR CROSSBITES

Maxillary expansion is used to correct transverse discrepancies between the
maxilla and the mandible. This discrepancy is clinically manifested in the form of a
posterior crossbite. The incidence of posterior crossbites in children from study to study
varies from 1% to 23%.'*!> This figure also varies among different populations. The
incidence of posterior crossbites in American Caucasion children was found to be
approximately 7%.'%!7 The occurrence in Scandanavian children was reported to be
higher by Kisling(13.2%)"® and Kurol(23. 3%)."* Compared to caucasian children,
African and African American children reportedly have a lower incidence of posterior
crossbites. Infante'” found a prevelance of 2.1% in an African American population
while Kerosuo' reported that 1% of his African sample had a posterior crossbite.

Zhu'® reported that the etiology of crossbites is multifactorial and could be related
to genetic, congenital, environmental, functional, or habitual factors. Along with
congenital and genetic factors, specific studies have reported that crossbites can develop

because of abnormal swallowing patterns, mouthbreathing, or because of prolonged digit

or pacifier sucking.**!

A maxillomandibular transverse discrepency can result in either a unilateral or
bilateral posterior crossbite. If the discrepency is mild, a unilateral posterior crossbite can
develop and is usually compensated for by a lateral shift of the mandible in order to
maintain maximum intercuspation with the maxillary teeth. Clinically, a unilateral

posterior crossbite is evidenced by a midline shift of the mandible to one side or the other




with a crosébite occurring on only one side while the other side occludes normally. On
the other hand, if the maxillomandibular transverse discrepancy is severe enough, a
bilateral posterior crossbite will result. A bilateral posterior crossbite will usuall.y
manifest with the maxillary and mandibular dental midlines being coincident and a
crossbite of both right and left posterior dental segments.

Whether the cause of the posterior crossbite is due to a constricted maxilla or a
disproportionately wide mandible, transverse problems in children are often treated by
expansion of the maxilla. This expansion or widening of the maxilla is accomplished By
a combination of orthopedic (skeletal) expansiofx and orthodontic (dental) expansion.
Orthopedic expansion involves separating the right and left maxillary halves at the

midpalatal suture while orthodontic expansion results from buccal tipping of the

maxillary posterior teeth.'>"#2%%

B. HISTORICAL PERSPECTIVE OF MAXILLARY EXPANSION
One of the first descriptions of an attempt to expand the maxilla was by Angell®
‘in 1860. He described an appliance that included a palatal jackscrew attached to the
premolars which the patient turned twice daily. After two weeks of activation, Angell*®
reported a widening of the maxilla and concluded that skeletal seperation of the maxilla
had occured as evidenced by the development of a diastema between thé patient’s

maxillary central incisors.

During the latter part of the nineteenth century and early twentieth century, palatal
expansion was used very sporadically in the United States. This was due to the popular

concept of functional development. This concept theorized that maxillary expansion
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could be accomplished by conventional orthodontic movement and once the teeth were
functioning in their proper position, the bone would grow to accommodate the new
position of the dentition. This theory of expansion remained popular until 1938 when
Brodie’ reported that the functional concept of development produced changes only in
the supporting alveolus and that the maxillary bone did not expand to adapt to teeth as
once thought. |
During the time that the functional concept of development was popular in
America, Europeans continually used palatal expansion as an acceptable method of
treatment. It wasn’t until the early 1960°’s when Korkhaus?® reintroduced palatal
expansion in America and once back in America, palatal expansion was fuﬂhef
popularized by the studies of Haas>? who reported the ease and extent to which painless

separation of the maxilla can occur.

C. NORMAL TRANSVERSE GROWTH OF THE MAXILLA

Bishara®® evaluated normal arch width changes from 6 weeks to 45 years of age
by analyzing the dental casts of a sample of 61 infants at 6 weeks, 1 year, and 2 years of
age and a sample of 30 subjects at 3, 5, 8, 13, 26, and 45 years of age. The author found
significant increases in maxillary and mandibular intermolar and intercanine widths in
both males and females from 6 weeks to 2 years of age with the average increase in
intercanine width from birth to 2 years being equal to or only 1.0 mm less than the total
increase from 3-45 years of age. From 3-13 years, there was also significant increase in
maxillary and mandibular intermolar and intercanine widths in males and females.

However, from 13-45 years, both maxillary and mandibular intermolar and intercanine
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widths showed slight decreases. The findings from this study (Tables 1 and 2) suggest
establishment of arch width dimensions during the mixed dentition period (8 years of
age), with a slight increase until the eruption of the permanent dentition, followed by a

progressive, but minimal, decrease until middle age.

Table 1. Maxillary and Mandibular Intermolar Width Increases (mm) from 6 Weeks to

45 Years of Age (Bishara*®)

Maxillary intermolar increase Mandibular intermolar increase

Male Female Male Female

Age X p X p X p X p
6 weeks-1 yr 2.7 | 00001 | 2.2 | 0.0001 | 2.5 | 0.0001 | 1.9 | 0.0001
1 yr-2 yrs 2.6 | 0.0001 | 1.7 | 0.0066 | 0.1 | 0.8269 | 1.5 | 0.1949
3 yrs-5 yrs 2.6 | 0.0001 [ 1.5 | 0.0063 | 2.1 | 0.0001 | -0.4 | 0.6900
5 yrs-8 yrs 7.5 | 0.0001 | 73 | 0.0001 | 7.7 | 0.0001 | 7.7 | 0.0001
8 yrs-13 yrs 2.4 | 0.0001 | 2.0 | 0.0001 | 1.3 ] 0.0001 |{ 0.9 | 0.0098
13 yrs-26 yrs 02 | 0.8840 | -1.8 | 0.0250 | 0.1 | 0.9910 | -1.5 | 0.7960
26 yrs-45yrs | -0.2 | 0.4930 | 0.1 | 0.4090 | -0.3 | 0.4025 | 0.0 { 0.7004

X = mean increase in mm; p = level of significance

Table 2. Maxillary and Mandibular Intercanine Width Increases (mm) from 6 Weeks to

45 Years of Age (Bisharaw[ :

Maxillary intercanine increase Mandibular intercanine increase
Male Female Male Female
Age X p X P X p X P

6 weeks-1 yr 2.3 | 0.0001 2.0 { 0.0001 | 2.1 0.0001 1.7 | 0.0001
1 yr-2 yrs 1.9 | 0.0001 2.0 { 0.0001 | 0.2 | 05100 | 0.5 | 1.0000
3 yrs-5 yrs 1.5 | 0.0079 | 1.0 { 00197 { 1.3 { 0.0010 | 0.8 | 0.0115
5 yrs-8 yrs 22 | 0.0001 | 2.3 [ 0.0001 | 2.1 0.0001 2.1 | 0.0001
8 yrs-13 yrs 2.6 | 0.0001 | 2.2 | 0.0001 | 0.2 | 0.4000 1.0 | 0.0165
13 yrs-26 yrs -0.9 { 0.1900 | -0.8 | 0.1780 | -0.5 | 0.3130 | -1.0 | 0.0674
26 yrs-45 yrs -03 | 0.1180 | -04 | 0.0190 | -0.4 | 0.0029 | -0.6 | 0.0002

X = mean increase in mm; p = level of significance
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Sillman®! evaluated dental arch changes in a mixed sample of 65 subjects from
birth to 25 years of age. From birth to 2 years of age, he observed significant increases
(p<0.05) in intercanine widths of 5 mm in the maxilla and 3.5 mm in the mandible. From
2 years on, there was a continual increase in intercanine width in the maxilla until age 13
and in the mandible until age 12. After which, the canine width remained stable. From
the complete eruption of the deciduous dentition (mean age 3.27 years) to the eruption of
the second molars (mean age 13.64 years), there was a significant increase in maxillary
intermolar width of about 0.5 mm per year and in mandibular intermolar width of 0.2 mm
per year. After age 14, maxillary and mandibular intermolar widths showed no
significant evidence of any changes.

In a longitudinal study, Knott* quantified dental arch width changes between

‘maxillary and mandibular lateral incisors, canines, and deciduous second

molars/permanent second premolars from the deciduous dentition (mean age of 5.4 years)
through the young adult dentition (mean age of 25.9 years). Intercanine width showed
significant increases (Table 3) in both the maxilla and mandible from the deciduous
dentition to mixed dentition (mean age of 9.4 years). From the mixed dentition to the
permanent dentition (mean age of 13.6 years), there was a slight, but significant, increase
in intercanine width in the maxilla which demonstrated more of an increase than in the
mandible. No significant changes in intercanine width were found from the permanent
dentition to the young adult dentition. The intermolar width changes (Table 4) followed
similar patterns except that there was not a significant increase from the mixed to the
permanent dentition in the mandibular arch and that there was significant decreases in

both arches from the permanent to the young adult dentitions.
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Table 3. Maxillary and Mandibular Intercanine Width Increases (mm) from the

Deciduous Dentition to the Young Adult Dentition ( Knott® )

Maxillary intercanine Mandibular intercanine
increase increase
Dental Stage X p X p
Deciduous - Mixed 2.82 0.01 2.86 0.01
Mixed - Permanent 1.96 0.01 0.34 0.01
Permanent - Young Adult 0.00 NS -0.09 NS

X = mean increase in mm; p = level of significance; NS = Not Significant

Table 4.

Maxillary and Mandibluar Intermolar Width Increases (mm) from the

Deciduous Dentition to the Young Adult Dentition (Knott 1972)

Maxillary intermolar Mandibular intermolar
increase increase
Dental Stage X p X p
Deciduous - Mixed 1.83 0.01 1.45 0.01
Mixed - Permanent 1.41 0.01 0.03 NS
Permanent - Young Adult -0.29 0.01 -0.44 0.01

X = mean increase in mm,; p = level of significance; NS = Not Significant

In an evaluation of skeletal change, Lebret® studied the longitudinal growth of the
palate on the dental casts of 30 individuals from 5-18 years of age using transverse and
sagittal palatal contour tracings. Looking at width changes at the apex of the palatal vault
near the level of the first molars, one-fourth of the subjects had no change, whereas, one-
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